Background. This study was designed to evaluate the incidence and mechanisms of mitral regurgitation following mitral balloon valvotomy (MBV) 
Student's t test. Linear regression analysis was used to determine the relation between nondiscrete data and the Speannan rank order correlation for discrete data. In addition, factors related to mitral valve morphology, mitral annular diameter, and balloon size were examined with multiple regression analysis to determine their predictive value for mitral regurgitation. All results are expressed as mean± SD. Results were considered significant atp<0.05. (Table 1 ). This was accompanied by an increase in left ventricular end-diastolic pressure, persistent pulmonary hypertension, and a significant drop in forward thermodilution cardiac output. Underestimation of true mitral valve flow resulted in a lower Gorlin mitral valve area compared with planimetered or Doppler mitral valve area.
Results

Overall Results
MBV
Frequency and Severity of Mitral Regurgitation Following Balloon Valvotomy
Left ventricular cineangiograms of suitable quality for analysis were available in 32 patients. Regurgitant grade remained the same in 13, increased by one grade in nine, two grades in five, three grades in three, and four grades in two patients (Figure 1) . By Doppler color flow imaging, regurgitant grade remained unchanged in seven, increased by one grade in 26, two grades in one, three grades in five, and four grades in one patient (Figure 2 ). There was a modest correlation between angiographic and Doppler mitral regurgitation before MBV (r=0.52, p=0.002), after MBV (r=0.82,p<0.001), and the increment in mitral regurgitation (r=0.73, p<0.001).
Mechanism of Mitral Regurgitation
Echo Doppler examination clarified the mechanism of mitral regurgitation in all patients with increased mitral regurgitation following MBV. Dis-ruption of valvular or of the subvalvular apparatus was identified in all patients in group 2. A tear of the posterior mitral leaflet was seen in five patients (Figure 3) , one patient was found to have a torn anterior mitral leaflet ( Figure 4 ) and one an avulsed anterolateral papillary muscle ( Figure 5 ). Confirmation of the mechanism was obtained at surgery in two patients and by transesophageal echocardiography in all seven patients. In contrast, mild mitral regurgitation was seen to occur at the sites of one or both commissures that had been split in 20 patients (Figures 6 and 7 ) or in association with mild prolapse of the anterior mitral leaflet in six patients (Figure 8 ). 
Discussion
There are four major findings of this study. 1) Increase in severity of mitral regurgitation following MBV is frequent (33 of 40, 83%) but is significant in only a small number of patients (seven of 40, 17%).
2) The mechanisms for mild versus significant mitral regurgitation as defined by transthoracic and transesophageal echocardiography are different. 3) Mitral regurgitation following MBV in patients with pliable mitral stenosis cannot be predicted by any of the currently available criteria. 4) Although the development of significant new mitral regurgitation carries an unfavorable long-term prognosis as defined by necessity for mitral valve surgery (four of seven, 57%), it does not necessarily result in severe adverse hemodynamics requiring immediate surgery.
The results of this study emphasize the significance of mitral regurgitation as the major factor contributing to morbidity following MBV. The reported incidence of significant mitral regurgitation following MBV varies from 0%5 to 19%. 13 Heterogeneity in study populations, valvular morphology, balloon valvotomy technique, and size of balloons used make comparisons difficult. The subjects included in this study were a relatively homogeneous group of young patients with tight pliable mitral stenosis who previously would have been ideal candidates for a closed mitral commissurotomy. Despite rigid selection criteria we have found an 83% incidence of an increase in regurgitant grade and a 17% (seven of 40) incidence of significant mitral regurgitation (Doppler increase of two grades or more). By conventional angiographic criteria these incidences were 59% (19 of 32) and 31% (10 of 32), respectively. Although Doppler and angiographic mitral regurgitation correlated well, there was a consistent trend for angiography to overestimate the degree of mitral regurgitation. When studying patients with pure mitral regurgitation, Spain et a114 found a good correlation between Doppler and angiography. Because angiographic assessment of mitral regurgitation is dependent on an accumulation of contrast in the left atrium over several cardiac cycles with Doppler evaluation visualizing instantaneous regurgitation, we have hypothesized that residual mitral stenosis would enhance contrast accumulation in this group of patients and therefore account for the difference. Alternatively, it is possible that color Doppler underestimated the magnitude of mitral regurgitation by the Coanda effect.15 Furthermore, evaluation of mitral regurgitation by the two techniques was not performed simultaneously. Differences in loading conditions at the time of examination might have been a further factor.
Splitting of fused commissures has been documented to be the mechanism by which mitral valve area increases following MBV.3-6 This same mechanism appears to be responsible for the observed exacerbation in mitral regurgitation following successful MBV. Two-dimensional echocardiography (Figure 8 ). In these patients anterior mitral leaflet prolapse is most likely due to the combination of annular dilatation (Table 1) , mild leaflet retraction, and absence of significant subvalvular disease with no chordal shortening.
In contrast, severe mitral regurgitation following MBV is almost always due to noncommissural tearing of the anterior or posterior mitral leaflet with disruption of the valve mechanism (Figures 3-5 Other than a single study,2 no other series including our own has been able to demonstrate a correlation between valvular morphology and the development of mitral regurgitation. The rather high incidence of mitral regurgitation that we have demonstrated in a series of patients notable for its young age and low echocardiographic score has led us to speculate whether excessively pliable valves might not actually constitute a risk factor for leaflet rupture and abrupt mitral regurgitation. This has important implications in areas characterized by a high prevalence of mitral stenosis where MBV has potentially its widest application. Data on the effect of balloon diameter on mitral regurgitation are conflicting. Two studies have shown no correlation of mitral regurgitation with either absolute effective balloon dilating area1 or ratio of balloon dilating area to body surface area. 20 In contrast, two studies have demonstrated an adverse correlation between high balloon dilating area to body surface area ratio and production of mitral regurgitation. 13, 21 In order to rationalize selection of balloon size, Chen et a12 investigated the relation between the ratio of effective balloon dilating diameter to mitral annular diameter and the increase in mitral regurgitation following MBV. A ratio of more than 1.1 was found by them to carry a 70% risk of abrupt mitral regurgitation as opposed to an 18% risk if the ratio was less than 1.1. We have not been able to demonstrate a relation between any morphological characteristic, balloon diameter, or ratio of balloon to mitral annular diameter and the development of abrupt mitral regurgitation.
Prognosis in patients who develop mitral regurgitation following surgical commissurotomy18 or MBV17 is poor with failure of improvement in symptoms, persistent adverse hemodynamics, and ultimate necessity for mitral valve replacement. Although none of our patients required emergency mitral valve replacement, two of the seven patients with severe mitral regurgitation after MBV have thus far been submitted to surgery 6 months and 9 months, respectively, following the initial procedure. Surgical confirmation of the echocardiographic findings was obtained in both patients.
Conclusion
From this study we conclude that 1) mitral regurgitation is a relatively frequent complication of MBV in young patients with pliable mitral stenosis; 2) the mechanism of mild increase in mitral regurgitation grade is commissural split with probable inadequate leaflet coaptation at this site, or less frequently, prolapse of the anterior mitral leaflet; and 3) severe mitral regurgitation is an unpredictable event and is usually due to leaflet rupture.
